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Executive Summary

The purpose of this document is to expand the use of retrofit pollution control
technologies in heavy-duty engines through the development of consistent guidelines for
voluntary retrofit programs. Such programs would be targeted to heavy-duty vehicles not
affected by the federal Urban Bus Program and would include control technologies not
certified under that program as well as Urban Bus Program certified technologies.
Specifically, this document recommends 1) a protocol for calculating state implementation
plan (SIP) credits for voluntary retrofit projects; 2) the structure of a third party retrofit
verification system for retrofit technologies; and 3) an in-use testing program to ensure
that emission reduction credits claimed are achieved in the field. The last chapter of this
document outlines model state policies to reduce heavy-duty engine pollution through
retrofit initiatives.

This effort builds on the above mentioned United States Environmental Protection
Agency (EPA) initiative begun in 1993 to reduce urban residents’ exposure to diesel
exhaust, the Urban Bus Retrofit/Rebuild program. The program requires that urban buses
operating in metropolitan areas with populations over 750,000 be equipped with EPA
certified retrofit pollution control devices such as oxidation catalysts or be rebuilt using
certified low emission components at the time of engine overhaul. To date,
approximately 10,000 of 42,000 eligible urban buses have been retrofitted or rebuilt as a
result of the program. Two states, New Jersey and California, have undertaken retrofit
programs or guidelines as well. These efforts are intended to expand the significant
emission reductions gained through the federal Urban Bus Program by promoting the use
of pollution reducing technologies on the existing heavy-duty fleets in those states.

The need for reducing emissions from the nation’s in-use heavy-duty diesel fleets
is clear. Current inventories estimate that heavy duty engine emissions comprise 33% of
all nitrogen oxides (NOx) pollution and 80% of all particulates (PM) from mobile sources
in the Northeast states.! Emissions from these engines contribute to serious air pollution
problems in the region. NOx causes eutrophication of lakes and streams, acid rain, and is
a precursor to ozone which aggravates lung disease. Hydrocarbon (HC) emissions are
also ozone precursors and are made up, in part, of toxic substances such as benzene,
toluene, and 1,3 butadiene, some of which are known carcinogens. PM emissions are very
high from diesel engines and are known to aggravate lung diseases such as asthma,
emphysema, and bronchitis. In addition, PM has been labeled a probable human
carcinogen by EPA and a toxic air contaminant by the California Air Resources Board. In
order for states to achieve air quality goals, significant reductions in heavy-duty diesel
emissions will need to be made.

' “Heavy-Duty Engine Emissions in the Northeast” NESCAUM May, 1997.
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The recommendations contained in this document are based on discussions of a
workgroup organized by the Northeast States for Coordinated Air Use Management
(NESCAUM). The workgroup was created to provide guidance to state and local
agencies, as well as to private organizations that plan to retrofit heavy-duty diesel
vehicles with pollution control devices. It included input from state and federal agency
staff, testing laboratories, and control equipment manufacturers. In addition, a draft of
these guidelines was distributed to EPA regional offices and the heavy-duty engine
manufacturers. Their comments and suggestions were reviewed and incorporated by the
workgroup into the recommendations contained in this report.

Primary Recommendations

All of the recommendations detailed below represent the views of the
Retrofit/Rebuild workgroup and NESCAUM.

1. Use of Urban Bus Program Certified Technologies

Oxidation catalysts certified with the Urban Bus Program should be eligible
without administrative or peer review for use in any highway heavy-duty engine, with
states being allowed to claim a 20 percent reduction for PM, a 40 percent reduction for
carbon monoxide (CO), and a 50 percent reduction for HC. These credits may be claimed
before a project is implemented. Verification of emission reductions should be conducted
during or after project implementation by 1) a review of retrofitting records and 2)
through in-use emissions testing. These recommendations are detailed in Chapter I,
section D and Chapter I1I.

For use of technologies certified with the Urban Bus Program that are engine
specific such as rebuild kits, the workgroup recommends that a PM emission reduction
credit of 20 percent be granted automatically when the rebuild kits are used in engines that
the technologies are certified for under the Urban Bus Program. Chapter I, section B
describes the credit allowed for “.1” technologies. As with the use of oxidation catalysts,
reporting and in-use testing recommendations for rebuild kits are detailed in Chapters I.D
and I1I.

2. Use of Technologies Not Certified with the Urban Bus Program

For all products that have not been certified with the Urban Bus Program,
emissions testing should be conducted by the manufacturer to determine the emission
reductions potential (percent reductions) of the retrofit/rebuild product. Similar data
should be required for the voluntary program as are required for certification with the
Urban Bus Program (see Chapter 11, section A for a detailed description). An engineering
analysis should be conducted by the manufacturer to determine which engines the
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retrofit/rebuild equipment may be used on. These data and analysis will be reviewed by
the third party verifier to establish the emission reduction level and applicability for
engine families for the voluntary retrofit program.
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3. Third Party Verification System

A third party verification system should be established which consists of an
administrator and a peer review committee. The workgroup recommends that
Environment Canada be the administrator for this program. The administrator will
process all applications to the retrofit/rebuild program, review data for thoroughness,
organize the work of the peer review group, make decisions on the level of in-use testing
required, and communicate with EPA. The peer review committee should consist of
temporary volunteer members from industry, laboratories, and trade organizations (such
as the Society of Automotive Engineers) with expertise in heavy-duty engines and retrofit
equipment. The committee will make determinations for emission control devices on the
level of in-use testing, completion of the in-use testing requirement, acceptability of in-
use testing method, emission reduction potential of emission control products, and engine
families that control equipment can be used with.

4. In-use Testing Requirement

In order to verify the emission reductions claimed from retrofit projects and to
assess control equipment durability a percentage of all emission control products installed
as part of a retrofit/rebuild program should be tested in-use. The procedure for
establishing the number of units to be tested in the field is outlined in Chapter III and is
adapted from EPA’s in-use compliance testing requirements for new pleasure craft marine
engines. An in-use testing trigger should be established for different types of technologies
based on unit sales. A 70% pass rate on tested units will be needed in order for devices to
“test out” of the in-use requirement.

5. Calculating SIP Credits

In order to calculate SIP credits from retrofit projects, baseline emission factors
for heavy-duty engines to be retrofitted needs to be established. The workgroup
recommends that Federal Test Procedure (FTP) certification data for engine families be
used as baseline emission rates for retrofitted engines. Emission reduction percentages (as
recommended in this document for devices certified with the Urban Bus Program and as
established by the third party verifier for devices not certified with the Urban Bus
Program) can be applied to these baseline rates. Mass emissions reductions can be
calculated for individual fleets using the formulas detailed in Chapter IV and information
available to fleet operators such as vehicle mileage, hours in operation, or fuel
consumption. In some cases, states may choose to develop baseline emission rates
through testing of heavy-duty engines in-use. The states will need to develop a testing
plan in coordination with EPA to determine these baseline levels.
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6. Retrofit/Rebuild Program Information/Website

The workgroup recommends that if possible all retrofit/rebuild devices certified
with the Urban Bus Program and all devices “verified” through third party review be
listed on a retrofit/rebuild website which states and others interested in undertaking
retrofit projects can easily access. The retrofit website could provide SIP credit
calculation formulas, information on emission control products, applicable engines, and
EPA certification data for engine families.

7. Model State Retrofit Policies

States have policy and funding options to increase the use of retrofit devices to
reduce heavy-duty diesel pollution. Retrofitting heavy-duty vehicles and machines to
reduce PM, HC, CO, toxics, and in some cases NOx, can assist states in reaching air
quality standards. Executive orders, contract requirements, and agency policies represent
potential methods to increase the use of retrofit devices. Funding from federal sources
such as the Congestion Mitigation Air Quality Improvement program (CMAQ), state
funding in the form of bond issues and agency budgets, and supplemental environmental
monies can provide financial support for retrofit projects. The last section of this report
outlines model retrofit policies that have been used in the region, funding sources, and
example strategies to increase the use of pollution control equipment.
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I ntroduction

A. Background

There are approximately 4.2 million heavy duty diesel vehicles (both highway and
nonroad) operating in the United States. These vehicles and equipment emit millions of tons of
fine particulates and ozone-forming pollutants annually. Current inventories estimate that heavy
duty diesel emissions comprise 33% of all nitrogen oxides (NOx) and 80% of all particulates
(PM) from mobile sources in the Northeast states.” The contribution from this sector is rising as
the nation’s diesel fleets continue to grow and as vehicle miles traveled increase. Emissions from
these engines contribute to serious air pollution problems experienced in many areas of the
country. NOx causes eutrophication of lakes and streams, acid rain, and is a precursor to ozone
which aggravates lung disease. Hydrocarbon (HC) emissions are also ozone precursors and are
made up, in part, of toxic substances such as benzene, toluene, and 1,3 butadiene, some of which
are known carcinogens. PM emissions are very high from diesel engines and aggravate lung
diseases such as asthma, emphysema, and bronchitis. In addition, particulates have been labeled
a probable human carcinogen by the EPA. Furthermore, the California Air Resources Board
(CARB) has labeled PM a toxic air pollutant.

In the long term, reductions in heavy-duty diesel pollution will be achieved through the
implementation of more stringent federal emissions standards for new engines. When
implemented, EPA’s rule for Control of Emissions of Air Pollution from Highway Heavy-Duty
Engines will reduce NOx by 50% in the year 2020. Likewise, EPA’s rule for Control of
Emissions of Air Pollution from Nonroad Diesel Engines to be phased in between 1999 and
2008, will reduce NOx by 50% and PM by 16% by the year 2020. In the near term, however,
much needs to be done to reduce emissions from existing engines if state air quality goals are to be
met. Achieving emissions reductions from in-use diesels is needed because older engines pollute
at much higher rates than newer ones due to deterioration and less stringent emission standards.

The Urban Bus Retrofit Program begun in 1993 was a first step in addressing the problem
of in-use heavy-duty diesel emissions. This initiative was the first to require the retrofit of
heavy-duty engines to achieve emissions below the original certification levels for the engines.
The program was designed to take advantage of commercially available retrofit/rebuild devices
that reduce heavy-duty engine emissions significantly. Examples of these devices are oxidation
catalysts, fuel borne catalysts, and new engine components configured for low emissions such as
pistons and cam shafts.

While oxidation catalysts have been used by heavy-duty engine manufacturers to meet
emission standards as original equipment (1.9 million medium and heavy-duty trucks have been
equipped with catalysts in recent years), retrofit of existing engines with the same emission

? “Heavy-Duty Engine Emissions in the Northeast” NESCAUM May, 1997.



control devices have been, until the initiation of the Urban Bus Program, uncommon in this
country. As part of that program the emission reduction potential of installing oxidation
catalysts and other types of add-on equipment in older engines was demonstrated. Engine
dynamometer testing has shown that certified technologies have the potential to reduce
particulate emissions by as much as 80%.> In-use emissions testing conducted at the time of
retrofit/rebuild and one year later on the same buses shows that significant PM, CO, and HC
reductions are achieved.*

B. Project Objective

The purpose of the NESCAUM effort described in this report is to encourage the use of
both Urban Bus Program certified retrofit/rebuild kits and non-certified technologies by
developing a standardized method for states to calculate SIP credits for retrofit projects. The
current lack of a standardized method hinders the use of retrofit technologies in heavy-duty
engines. Specifically, a protocol for actual credit calculation is needed, a third party verifier to
assume responsibilities similar to EPA’s in the federal Urban Bus Program, and lastly,
recommendations on technology matches between retrofit equipment and heavy-duty engines are
needed. This guideline document attempts to address these gaps and in so doing, encourage the
use of retrofit/rebuild equipment to reduce emissions from heavy-duty engines.

C. Project Participants

The NESCAUM retrofit/rebuild workgroup was comprised of members from state and
federal regulatory agencies, emission control equipment manufacturers, and testing laboratories.
The recommendations in this report reflect a consensus of the workgroup participants arrived at
during bi-weekly discussions over a period of eight months. The resulting recommendations
reflect the collective experience, opinions, and judgment of the workgroup participants as well as
opinions expressed by the Engine Manufacturers Association.

In the next section, recommendations for the use of Urban Bus Program certified
technologies are detailed.

’ “Bnvironmental Fact Sheet” U.S. Environmental Protection Agency, Office of Mobile Sources, March, 1997.

* «“Urban Driving Cycle Results of Retrofitted Diesel Oxidation Catalysts on Heavy-Duty Vehicles: One Year
Later,” Kevin F. Brown, Greg R. Rideout, Jeffery E. Turner. SAE 970186, February, 1997 and “Urban Driving
Cycle Results of Retrofitted Diesel Oxidation Catalysts on Heavy Duty Vehicles” in SAE 960134, Kevin Brown
and Greg Rideout, 1996



|. Use of Federal Urban Bus Program Certified Technologies in Heavy-
Duty Engines Not Affected by the Federal Urban Bus Program

Currently, seventeen products are certified with the Urban Bus Program and three others
are under review. Table I-1 on page 5 summarizes the certified technologies and the types of
engines that can be retrofitted with the devices. The workgroup recommends that for the
purposes of voluntary retrofit projects, control technologies certified under the federal Urban
Bus Program be divided into two categories: engine specific and non-engine specific. Currently,
oxidation catalysts are the only examples of technologies that are not engine specific because they
are applicable to broad categories of engines. Engine specific technologies are rebuild kits that are
manufactured for a certain engine family. The recommendations for these two categories of
control equipment are described below.

A. Recommendations for Use of Oxidation Catalysts Certified with the Urban Bus Program in
Heavy-Duty Engines

The workgroup recommends that oxidation catalysts certified with the Urban Bus
Program be eligible without administrative or peer review for use in any highway heavy-duty
engine, with states being allowed to claim a 20 percent reduction for PM, a 40 percent reduction
for CO, and a 50 percent reduction for HC. These credits may be claimed before a project is
implemented. The workgroup recommends that states and/or emission control manufacturers
verify emissions reductions during or after project implementation in two ways by 1) conducting
a review of retrofitting records and 2) in-use emissions testing. Details on these
recommendations are found in Chapter I, section D and in Chapter II1.

The workgroup recommends that percent reductions be used, as opposed to a gram per
mile or gram per brakehorsepower hour reduction since mass emission reductions will vary from
engine to engine depending upon “engine out” or baseline emissions. Using the percent
reductions will allow for different mass emissions reductions to be calculated for many different
engine families. States may calculate mass emissions reductions for retrofitted engines by
multiplying the baseline emission rates by the percent reductions. This method is detailed in
Chapter IV. This method assumes that oxidation catalysts will achieve a minimum of 20 percent
reduction for PM, 40 percent reduction for CO, and 50 percent reduction for HC in all heavy-
duty engines. These recommendations for oxidation catalysts certified with the Urban Bus
Program are based on emission reduction data that are detailed in the next section.



B. Available Data on Emission Reductions from Oxidation Catalysts

Data on emission reductions attributable to oxidation catalysts are available from several
sources. The first are test results that were provided to EPA by emission control manufacturers
as part of the Urban Bus Program. These data were gathered from both two and four stroke
engines and from worst case engines (highest emitters). Another source of information is data
that have been published in Society of Automotive Engineering (SAE) journals. Four SAE
papers have been written on emission reductions achieved by the retrofitting of urban buses and
trucks with oxidation catalysts. Other sources of information on catalyst function are engine
manufacturers and emission control equipment manufacturers (additional data not submitted to
Urban Bus Program). Lastly, several projects have been conducted in Europe to assess the
effectiveness of oxidation catalysts. Table I-2 on page 6 summarizes the results of the available
studies.

Taken together, these studies provide data for 60 heavy-duty diesel two and four stroke
engines. The data support the assumption that use of oxidation catalysts in both two and four
stroke engines achieve PM reductions ranging from 19 to 50% with an average PM reduction of
approximately 33%. The data also supports the assumption that reductions of emissions ranging
from 50 - 90% for HC and 45 - 90% for CO can be achieved.

Establishing these percent reductions for Urban Bus certified oxidation catalysts will
mean that these technologies will be available for credit generation in voluntary retrofit projects
without review by the third party verifier. The exemption of Urban Bus Program certified
oxidation catalysts (and possibly other broadly applicable technologies in the future) from initial
review by the third party verifier is based upon the testing data summarized in table I-2 and
attached to this report showing that a minimum of 19 percent PM, 50 percent CO, and 45
percent HC reductions are achieved when different types of highway heavy duty engines are
retrofitted with oxidation catalysts. The percent reductions chosen by the workgroup represent
nearly the lowest recorded emissions reductions in all of the available studies and are thus
conservative.

Use by the states of the recommended conservative reduction percentages will
compensate for possible lower than average emission reductions that could occur when oxidation
catalysts are installed in a wide variety of engines. The workgroup does not anticipate that
emissions will fall below the recommended percent reductions, a more likely scenario will be that
reductions will be greater than estimated. However, the conservative numbers provide a safety
factor in case emission reductions are lower in certain engines.



Tablel-1

Equipment Certified & Status of Notifications of Intent

to Certify Urban Bus Equipment
March 18, 1999
Air Docket A-93-42

Certifier

Equipment Description

Federal Register Notice:
Effective Certification
Date

Engelhard 1

Exhaust catalyst (CMX) for 2 stroke/cycle

60 FR 28402, 05-31-95

2. Engelhard 2 Exhaust catalyst (CMX) and cermatized engine 60 FR 47170, 09-11-95
parts
3. Detroit Diesel Corp. (DDC) Engine upgrade kit for DDC 6V92TA MUI’s 60 FR 51472, 10-02-95
Life Cycle Cost Evaluation EPA Ltr, 06-24-96
61 FR 37734, 07-19-96
4. Cummins Engine upgrade for Cummins L10 60 FR 64046, 12-13-95
4 stroke/cycle
5. Twin Rivers Technologies Biodiesel, exh cat (CMX) & timing retard: EPA Ltr, 09-20-96
2 stroke/cycle engines 61 FR 54790, 10-22-96
6. Johnson Matthey 1 Exhaust catalyst (CEM 1) for 2 stroke/cycle EPA Ltr, 03-28-96
61 FR 16733, 04-17-96
7. DDC?2 Engine upgrade kit for DDC 6V92TZ DDECII’s 61 Fr 37738, 07-19-96
8. Engelhard 3 ETX 2002 kit: Exhaust catalyst, ceramitized parts, EPA Ltr, 02-38-97
& engine upgrade parts for DDC 6V92TZ MUI 62 FR 12166, 03-14-97
(0.10)
9. Engine Control Systems (ECS) | Exhaust catalyst (OCM) for 2 stroke/cycle EPA Ltr, 12-02-96
62 FR 746, 01-06-97
10. Johnson Matthey 2 Exhaust catalyst (CEM) & engine mods for DDC EPA Ltr, 09-08-97
6V92TA MUI (0.10) 62 FR 60079, 11-06-97
11. ECS2 Exhaust catalyst (OCM) for 4 stroke/cycle 63 FR 4445; 01-29-98
12. Engelhard 4 Exhaust catalyst (CMX) for 1992 — 1993 Cummins | EPA Ltr, 02-12-98 63 FR 13660; 03-
L10 EC 20-98
13. Nelson Industries Exhaust catalyst for 2 stroke/cycle EPA Ltr, 10-14-97, 62 FR 63159;
11-26-97
14. DDC3 TurboPac, exhaust catalyst (OCM), and engine EPA Ltr, 04-06-98 63 FR 26798; 05-
upgrade for DDC 6V92TA MUI (0.10) 14-98
15. Johnson Matthey 3 Exhaust catalyst (CEM) & engine mods for DDC EPA Ltr, 10-21-98 63 FR 66798; 12-
6VI2TA MUI (0.10) 03-98
16. Engelhard 5 ETX 2002 kit: Exhaust catalyst, ceramitized parts EPA Ltr, 07-01-98 63 FR 50225; 09-
and engine upgrade parts for DDC 6V92TZ DDEC 2 | 21-98
(0.10)
17. Turbodyne Systems, Inc. TurboPac & exhaust catalyst (OCM) 6V92TA MUI Under review
(0.10)
18. DDC4 TurboPac, exh cat (OCM, and engine upgrade for EPA Ltr, 10-02-98
6V92TA DDEC (0.10)
19. Engelhard 6 ETX Plus Technology for DDEC II engines (.1) Under review
20. Johnson Matthey Under review

CEM Cat Muffler for 4 s/c engines




Tablel-2
Summary of Available Data for Oxidation Catalyst Usein HDD

Study/Report Number and PM Reductions | HC Reductions Cco
Types of Engines Reductions
Urban Bus and | 19 four stroke and | 38% avg. for 51% avg. for n/a
Engelhard data | 10 two stroke two stroke two stroke avg.
27% avg. for 64% avg. for
four stroke four stroke
SAE 960134° 5 four stroke and 2 | 32.8% avg. for | 75.9% avg. for | 67.1% avg. for
two stroke all vehicles all vehicles all vehicles
SAE 970186° 5 four stroke and 5 | 24% avg. for all | 50-90% for all | 45-93% for all
two stroke vehicles vehicles vehicles
SAE 9329827 4 four stroke 44-60% avg. for n/a n/a
all vehicles
SAE 950155® two stroke buses 32-41% 60-70% 90%
London Bus’ 6 four stroke 45% 86% 92%
Report MBK
961165
Engelhard 1 four stroke 49% avg. for 93% avg. for 98%
Report three catalysts | three catalysts
#980342"°
APTA paper'! | two stroke 19-44% 50-90% 45-93%

* Brown, K., Rideout, G. “Urban Driving Cycle Results of Retrofitted Diesel Oxidation Catalysts on Heavy Duty
Vehicles,” SAE 960134, 1996.

® Brown, K., Rideout, G., and Turner, J. “Urban Driving Cycle Results of Retrofitted Diesel Oxidation Catalysts
on Heavy Duty Vehicles: One Year Later,” SAE 970186, 1997.

7 Clerc, J., Miller, R., McDonald, C., and Schlamadinger, H. “A Diesel Engine/Catalyst System for Pick-up and
Medium-Duty Trucks” SAE 9329821993.

¥ Voss, Adomaitis, Feldwisch, Borg, Karlsson, and Josefsson, “Performance of Diesel Oxidation Catalysts for
European Bus Applications,” SAE 950155 1995.

? Millbrook Proving Ground Ltd. “Evaluation of a Reformulated Catalyst Developed by Lubrizol on Exhaust
Emissions on London Double Decker Buses.” Report No. MBK 961165, January 1997.

' Millbrook Proving Ground Ltd. “Evaluation of Catalysts developed by Engelhard on Exhaust Emissions on
London Double Decker Buses,” Report No. 980342, April 21, 1998.

" Brown, K., Rideout, G., and Turner, J. “Long Term Emission Evaluation of In-Service Transit Buses at OC
TRANSPO. Paper delivered at the 1997 APTA Bus Operations, Technology, and Maintenance Conference.



Oxidation catalysts are the only broadly applicable technology currently certified with
the Urban Bus Program. In the future, however, other broadly applicable technologies may
become certified with the program. If this is the case, the workgroup recommends that the third
party verifier (described in Section II) determine the level of percent reductions for the
technology by a careful analysis of emissions testing data.

The above sections describe the available credit that can be claimed by states when heavy-
duty highway engines are retrofitted with oxidation catalysts certified with the Urban Bus
Program. In the case of retrofit of heavy-duty nonroad engines both land-based (construction
equipment, agricultural equipment, gen sets, and locomotive engines) and marine based (ship
engines and auxiliary power units) with oxidation catalysts, the review committee may need to
establish the percent reductions that can be claimed after an examination of available data. In this
case, oxidation catalysts certified with the Urban Bus program will be considered as technologies
not certified with the Urban Bus Program (described in Section II).

Technologies certified with the Urban Bus Program will also be considered with those
that are not certified with the program in the case of a request from the manufacturer for a greater
percent reduction. For example, a manufacturer of an Urban Bus Program certified technology
may want to verify a product to a greater emission reduction level than is established in these
guidelines. In this case, emission control equipment manufactures will need to provide additional
testing data and/or an engineering analysis to the third party verifier to establish the emission
reduction level and applicable engines.

Fine Particulates

While the study of fine particle concentrations in the exhaust of heavy-duty engines
equipped with oxidation catalysts is relatively new, three reports are available which have
examined the numbers and size of particulates in exhaust from oxidation catalyst equipped
heavy-duty engines. The studies compared the numbers and sizes of particles both before and
after installation of retrofit equipment. All three studies showed that no increase in the number
and no decrease in the size of particulates was found. An excerpt from one of these studies,
published by the Health Effects Institute, is appended to this report. Since fine particles are
highly respirable and deliver toxins deep into the lung, any decrease in the size of particles
emitted from heavy-duty engines increases the risk of aggravated lung disease. The three
available studies demonstrate that in an initial examination of this issue, oxidation catalysts do
not increase the number or decrease the size of fine particles in diesel exhaust.



C. Engine Specific Technologies Certified with the Urban Bus Program

Technologies certified with the Urban Bus Program which are designed for specific
engines are rebuild kits. These kits contain components which reduce emissions from heavy-
duty engines. Typical components are pistons and cam shafts. In the Urban Bus Program
rebuild kits are certified to one of two levels of emission reduction: 25% and .1 grams per brake
horsepower hour (g/bhp-hr). The workgroup recommends that these kits be pre-approved for
use with the engines they were certified for under the federal Urban Bus Program without
approval from the review committee.

For .1 g/bhp-hr certified kits using engine-specific components, the workgroup
recommends that these kits be pre-approved for the engines they are certified for and that the
emission reduction credits for PM be calculated as a percentage derived from the engines’
certification level and .1. For the technologies which also employ an oxidation catalyst a further
credit of 40% CO and 50% HC is recommended by the workgroup. However, if the
manufacturer of the technology wishes to verify that the retrofit/rebuild kits can be used in
engines other than those specified under the Urban Bus Program, then additional data must be
given to the third party verifier supporting the manufacturer’s claim, the proposed use of the
technology, and the amount of credit to be granted.

For .1 certified technologies that are not engine specific, the review committee should
establish the emission reduction potential and the applicable heavy-duty engines. This would be
the same review process used to verify all other non-engine specific emission control equipment
(other than oxidation catalysts).

For use of rebuild kits certified to the 25% PM emission reduction level, the workgroup
recommends that a 20% PM reduction credit be automatically granted for the use of these kits in
the engines they are certified for use with under the Urban Bus Program.

D. Accuracy of Expected Emission Reduction Estimates

An important aspect of credit calculation is determining the level of uncertainty in the
estimated emissions reductions. While the above referenced studies present data on emissions
reductions from a representative sample of two and four stroke engines, some uncertainty exists
in extrapolating the existing data on these engines to all heavy duty engines. Two issues related
to this are addressed below 1) establishing accurate estimates of retrofit project emission
reductions; 2) compensating for variability resulting from program implementation.

First, the goal of establishing accurate estimates of emissions reductions will be furthered
by state screening of engines to be retrofitted and the exclusion of those that are not well suited
for retrofit equipment. For example, engines with extreme wear (those engines that will soon
need to be replaced) are not good candidates for retrofitting. Additionally, manufacturers of



emission control equipment will need to carefully assess the engines which they retrofit. For
example, proper sizing of catalysts and use of appropriate pipe sizes will be necessary to ensure
that the maximum emission reduction is achieved and backpressure is not increased beyond
manufacturer specifications.

Second, variability in the implementation of a retrofit program could result, for example,
from greater or lesser participation in the program than anticipated. If a different number of
vehicles are equipped with emission control devices than expected this will change the emission
reductions achieved by a retrofit project. In order to compensate for such variability, records will
need to be kept by fleet operators so that states may verify the numbers of vehicles that have
been retrofitted. States may need to revise SIP credit calculations according to the actual number
of vehicles retrofitted during the course of a program.

The next sections describe the workgroup recommendations on record keeping, reporting,
labeling, and warranty provisions which should be followed by states and emission control
equipment manufacturers in order to reduce the uncertainty in calculating emission reductions
from retrofit projects.

Reporting Program Results

In order to accurately evaluate retrofit program results, the workgroup recommends that
states or others initiating retrofit projects develop a system for monitoring projects. Comparing
projected emissions with actual emission reductions achieved can be done by keeping careful
record of the numbers of vehicles retrofitted and if possible the miles traveled in fleets of
retrofitted vehicles. These records can be used to re-calculate emission reductions mid-way
through the project and at the project’s end. Reporting requirements are described below.

A state’s obligations with respect to voluntary mobile emission reduction programs
(VMEPs) must be enforceable at the state and federal levels. Under this policy, the state is not
responsible, necessarily, for implementing a program dependent on voluntary projects. This is
so since voluntary projects under VMEP can be conducted by private groups. An example of
such a project might be the retrofit of construction equipment at the site of a large project which
is intended to mitigate emissions from the project. However, if the state is claiming SIP credits
from the project then the state is obliged to monitor, assess and report on the implementation of
voluntary actions and the emission reductions achieved from the voluntary actions and to remedy
in a timely manner emission reduction shortfalls should the voluntary measure not achieve
projected emission reductions.

Careful reporting will allow for enforcement of retrofit projects. CFR section 85.1404
outlines the reporting requirements for fleet operators who are retrofitting fleets as part of the
Urban Bus Program. These requirements will be adopted for fleet operators retrofitting heavy-
duty engines as part of voluntary projects. The requirements state:



The operator of any (vehicle) for which this subpart is applicable shall maintain and
retain the following adequately organized ... records. Each operator shall keep such
records until the useful life of the oxidation catalysts is achieved.. (1) General records.
The records required to be maintained under this paragraph shall consist of all
purchase records, receipts, and part number for parts and components used in the
rebuilding of (vehicle) engines.

In addition to reporting requirements, a warranty will be made by emission control
equipment manufacturers that guarantees emissions reductions for a certain period of time to be
set for each oxidation catalyst by the manufacturer. This will also be used in credit calculation.

Warranty of Emission Control Equipment

The same warranty that is required under the Urban Bus Program should be required by
retrofit emission control equipment manufacturers for technologies being used as part of this
voluntary retrofit program (as detailed in section 85.1409). It reads:

As a condition of certification the retrofit/rebuild equipment certifier shall
warrant that if the certified equipment is properly installed and maintained as
stated in the written instructions for proper maintenance and use, the
equipment will not cause a (vehicle) engine to exceed the emission
requirements of this subpart and the emission standards set forth in 40 CFR
part 86. This retrofit/rebuild equipment warranty shall extend for (number of
miles to be specified). (b) As a condition of certification, the retrofit/rebuild
equipment certifier shall provide an emissions defect warranty that if the
certified equipment is properly installed and maintained as stated in the
written instructions for proper maintenance and use, the equipment certifier
will replace all defective parts, free of charge. This emissions defect warranty
shall extend for a period of (number of miles to be specified) miles from when
the equipment is installed.

The period of credit life shall be no more than the emissions warranty. User voiding of
the mechanical warranty voids the emission warranty.

Monitoring vehicles for enforcement purposes will be made possible by labeling all
vehicles that have been retrofitted.

Labeling requirements
All retrofit equipment should be affixed with a label that states the model and serial

number of the emission control equipment and the name of equipment certifier. The label must
be durable and readable for the in-use compliance period of the equipment.
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[1. Third Party Verification

The workgroup recommends that a group be established to conduct third party
verifications. This section describes the third party verification system and the role of the
verifier. The responsibilities of the third party verifier include 1) reviewing applications and
screening applicants; 2) making determinations on emission reduction potential and which engines
the technologies can be used with; and 3) overseeing the in-use testing program.

A. Third Party Verification Structure

The workgroup recommends that the third party verifier be comprised of three groups: 1)
an administrative group; 2) a voting review committee; and 3) a non-voting review group. In
addition, we recommend that EPA have oversight responsibilities in the program and veto power
on any decisions made in the retrofit program. The following sections describe the roles of each
of the three groups. The decision making processes in the third party verification system are
illustrated in the flowchart on page 13. Arrows indicate how information will be exchanged
between EPA, the administrative group, and the review committee. Dotted lines indicate points
in the third party review process where information on decisions or testing data is sent to EPA,
but no response is needed in order for further decisions to be made.

1. The Administrative Group

The administrative would oversee the retrofit program, interact with applicants and
participants, organize the review committees (both voting and non-voting), and communicate
with EPA. The workgroup recommends that Environment Canada’s Emissions Research and
Measurement Division (ERMD) assume the responsibilities of the administrative body. ERMD
has agreed to do so and will devote two full time staff members to the retrofit program once it is
established. Environment Canada already has an environmental technology verification program
which will assist the ERMD in its efforts to set up the retrofit verification system. In addition,
ERMD has conducted extensive testing of retrofitted heavy-duty diesel vehicles and has much
experience with both heavy-duty engine and emission control technology. This experience
provides the Division staff with valuable insights that will be needed in the administration of the
voluntary program.
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2. The Review Committee

The committee would analyze data submitted to the program administrator and have
decision making authority on issues such as the level of in-use testing required (within the
guidelines set out in this document) and types of engines that the retrofit/rebuild equipment can
be used with. The committee could be comprised of five voluntary, temporary experts in the
field of in heavy-duty engines and retrofit technology. Eligible members could be, for example,
automotive engineers, laboratory personnel, and retired industry members (but not those
currently employed in the emission control equipment industry). The committee should make
decisions by a majority vote. At any time, a member of this group may raise an objection about
any matter related to the voluntary retrofit program by sending a letter to EPA. EPA may elect
to follow up on the objection by investigating the matter further.

3. Non-Voting Review Committee

In addition to the voting review committee, a non-voting review group should be
established by the administrator. This group should also consist of volunteers with knowledge of
heavy-duty engines and retrofit equipment. State air pollution control program staff and
industry members could comprise this group which could be made up of up to ten or twenty
people. The group should have access to all of the data which the review committee analyzes.

At any time, a member of this group may raise an objection about any matter regarding the
voluntary retrofit program by sending a letter to EPA. These objections and/or comments should
be made accessible to the public. EPA may elect to follow up on the objection by investigating
the matter further.

4. EPA Role

The workgroup recommends that EPA provide oversight to the retrofit program. The
Agency should have access to all data included in application packages, in-use testing data, and
any other data submitted to the administrator. We recommend the following: 1) although EPA
would not vote on a regular basis as part of the review committee, it will be a member of the
voting group; 2) when EPA votes, its vote should count as six votes, i.e. if EPA decides to
become involved on an issue, EPA would have the final decision on that issue; and 3) EPA may
occasionally step in where needed, for example, if an audit of a testing lab is deemed necessary.

In addition, the workgroup recommends that any member of the review committee can
submit an appeal to the committee and/or EPA at any time regarding any aspect of the approval
process. In other words, if a problem becomes apparent on a previously approved product or
procedure, there will be an avenue to bring this to public scrutiny.

Last, the final decision to grant SIP credits to states for retrofit projects will rest with the
EPA regional authorities.
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B. Roleof Third Party Verifier
1. Review of Applications and Screening Applicants (administrative group)

The first step in the application process will be for the applicant to submit a one page
summary of the technology and testing procedure to the administrator prior to and/or prior to
conducting testing. The summary will be reviewed by the group specifically to determine if
special approval needs to be made for alternative testing procedures (see Chapter I1I, section A
for a description of accepted testing procedures). The administrative group will review this
summary in a timely manner and give comments to the submitting company.

Second, the administrator will receive and review all applications which will include 1)
engine or chassis dynamometer testing data, 2) an engineering analysis which makes
recommendations on the engine families the control equipment can be used with, and 3) an
application form. The administrator will review the material for completeness and pass the data
on to the review committee and to EPA by print or electronic format. The review committee and
administrator will attempt to complete their reviews within 60 days.

2. Review Committee Decisions

The review committee will make five different types of decisions for all emission control
equipment products: 1) which “path” the control equipment falls into; 2) which engines the
control equipment can be used with; 3) what percent reductions can be claimed by states when
they use the retrofit equipment in pre-determined engine families; 4) acceptability of the in-use
testing method as proposed by the emission control equipment manufacturer; and last 5) a
determination as to whether the in-use testing requirement has been fulfilled for the program.

a Path Determination

The committee will review information on a given product and will designate it as
belonging in one of three “paths” or groupings in the retrofit program. The products will be
designated as belonging to one of the three paths according to how well established the
technology is and the available performance history for the product. The first path is reserved
for Urban Bus Program certified products and these products are exempt from an initial review
by the committee, except in certain instances as described in the next paragraph. Therefore, some
products certified with the Urban Bus Program will not be reviewed by the third party verifier in
order to establish percent reductions or the types of engines the products can be used with.

The second path is reserved for technologies not certified with the Urban Bus Program
which have an established performance history (such as oxidation catalysts not certified with the
Urban Bus Program and fuel borne catalysts registered with EPA). The third path is for
technologies which are new and innovative and for which little field experience exists, such as
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particulate filters and mobile source selective catalytic reduction. The purpose of placing a
technology or product into one of the three paths is to designate different levels of in-use testing.
Technologies for which little field experience exists will require in-use testing to begin sooner than
for more established technologies to guard against a possible shortfall of credits that could occur
if new technologies are less effective in reducing emissions than anticipated.

As mentioned previously, path one technologies will be treated as path two in some
instances. For example, if manufacturers of Urban Bus Program certified rebuild kits opt to
establish that kits can be used in different engines than they are certified for, testing data and/or
an engineering analysis to demonstrate the applicability to the different engines will need to be
submitted to the third party verifier. In this case a review of the testing data and the engineering
analysis will need to be conducted by the third party verifier before information on the product
can be made available to states through the voluntary program. Furthermore, a manufacturer may
wish to demonstrate higher emission reduction levels than the different values recommended in
this report. For example, if a manufacturer has data showing that an oxidation catalyst certified
with the Urban Bus Program can achieve a 30 percent PM reduction in certain engines, that
manufacturer may want the product to be listed with the voluntary program at the higher PM
reduction level. Again, data to substantiate this will be required as well as a review by the third
party verifier. In this case, it may be possible to apply for additional credit retroactively for up
to five years.

b. Engineering Analysis Demonstrating Applicability
to Engine Families

The retrofit device manufacturer will submit to the administrator an engineering analysis
conducted either in-house or by an outside group. The analysis will use sound engineering and
judgment to determine what engine families the retrofit/rebuild equipment can be used in.
Particulate matter composition soluble organic fraction estimates, exhaust temperature, duty
cycle and other operating conditions will be considered in the engineering argument. Relational
data may be used with logical and reasonable assumptions. The committee will review the
engineering analysis to determine which engine families the control equipment can be used with.
In reviewing the submission, the review committee will use good engineering and scientific
judgment and analyze all submitted data on a given product to make its determination. The
review committee will document each decision and submit records to the administrator so that the
analysis can be justified if EPA opts to review the committee decision.

c. Percent Reductions

The emission control equipment manufacturer will supply either engine or chassis
dynamometer testing data to support emission reduction claims for a given product. The percent
reduction levels will be established by calculating the difference between baseline or engine out
emissions and post-baseline (or post retrofit) emissions. For example, post-baseline PM
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emissions in gr/bhp-hr of .2 would be divided by baseline PM emissions of .3. This figure would
then be subtracted from one to arrive at the percent reduction. The committee will review all data
generated by the applicant to determine the amount of credit that can be claimed by states or
others that retrofit heavy-duty engines with the applicant’s product. The data to be generated is
specified in Section III.A. The committee will chose conservative percent reductions for PM,
CO, HC, and NOx (if applicable) after reviewing all of the submitted data.

d. Overseeing In-use Testing

The committee will review the spot test method proposed by the emission control
equipment manufacturer. If it is approved, the manufacturer will use this method in the field to
test the emission control equipment (in-use testing described in Section I11.B.3). The
manufacturer will not be required to have the spot check method developed at the time of the
submission of the application materials. Rather, the method must be approved by the time spot
testing is triggered. The manufacturer will also propose a method for dynamometer testing
should it be triggered.

Once spot testing has been triggered, emission control equipment manufacturers will begin
testing units in the field. All of the data from spot testing will be sent to the administrator and to
the review committee. The committee will be responsible for making a final decision on whether
or not the percent passing rate has been achieved. If the spot testing rate is not achieved the
review committee will decide if dynamometer testing should begin. This decision will be made in
conjunction with the administrator and the emission control equipment manufacturer. In some
cases, further spot testing may be done before dynamometer testing begins.

e. Determination of Compliance with In-use Testing Requirement

The committee will review all of the spot testing (and possibly dynamometer testing)
data to determine if the required number of units have been tested in the field and if the necessary
passing rate has been achieved. If the data shows that this rate has been achieved then the review
committee will notify the emission control equipment manufacturer that the in-use testing
requirement has been satisfied for a given product.

f. Test for Additional Credit Beyond that Established
as aMinimum

States and emission control equipment manufacturers may want to conduct additional
testing to establish greater reductions from retrofit projects than the default values previously
recommended. This may occur in two cases. First, emission control manufacturers could
conduct testing to establish that control equipment achieves higher than default reductions. For
example, oxidation catalysts certified with the Urban Bus Program will receive a 20 percent PM
reduction credit automatically. If an emission control equipment manufacturer wants to establish
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that a given technology can achieve a greater percent reduction, they will provide additional data
to the third party verifier and verified information will be posted on the retrofit website. Testing
data will need to be collected either using chassis or engine dynamometer methods.

In a second case, states may want to conduct testing to show that baseline emissions are
higher than are assumed in the SIP credit calculation. Since the credit calculation is based upon
certification testing data and could be different than emissions in-use, state testing of fleet
vehicles could determine a higher mass baseline emission rate. Applying emission reduction
percentages to this higher baseline rate will result in a greater mass emissions reduction. Testing
to determine higher baseline emissions will need to be conducted in-use.

De-certification

The emission control equipment being used as part of this voluntary program may be de-
certified or de-listed as is the case in the Urban Bus Program if: 1) the technology becomes de-
certified under the Urban Bus Program (as described in 40 CFR 85.1413); 2) use of the certified
equipment is causing engine emissions to exceed emission requirements for any regulated
pollutant; 3) use of the certified equipment causes or contributes to an unreasonable risk to
public health, welfare or safety or severely degrades drivability operation or function; 4) in-use
testing requirements and subsequent dynamometer testing indicates the technology is not
performing as approved; or 5) a manufacturer opts out of the program.
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I11. Testing Requirements

This section describes workgroup recommendations on the testing requirements for both
technology verification and in-use testing. In addition, the types of testing data that are
recommended for submission to the third party verifier are also detailed. Table III-1 summarizes
the requirements and sales volume triggers.

A. Establishing Emission Reduction Potential (verification data)
1. Default Test Procedure for Verification

The testing data requirements for all technology verifications will be equivalent to that
which is specified for the federal Urban Bus Retrofit/Rebuild program as described in CFR part
85.1406. As with the federal urban bus retrofit program the accepted test method will be the
Federal Test Procedure (FTP). Any applicant submitting data generated using the FTP test will
not need prior approval from the review committee of the testing procedure. The applicant will
follow the data generation requirements as outlined in part 85.1406.

If it is not appropriate to use the FTP cycle or if a technology developer wants to
generate data using a test cycle that is different from the FTP, then the workgroup recommends
the use of: 1) test methods recommended by EPA, such as the 8-mode cycle for verification of a
technology with nonroad engines; 2) test methods recommended by CARB; 3) the Central
Business District cycle (CBD) or the New York Bus Composite Cycle (NYBCC) for chassis
dynamometer testing.

2. Possible Alternative Testing Cycles

If a technology developer has already generated data using a cycle that is not included as a
default testing method then the cycle will need to be reviewed by the administrative group and
the review committee. Such cycles could include, for example, the R49. In such a case the 60
day review period limit will not be valid.

B. In-use testing requirements

Once a pre-determined number of retrofit/rebuild kits have been installed in heavy-duty
engines, a sales volume trigger will require emission control equipment manufacturers to begin
testing units in the field to ensure they are working properly. Table III-1 describes the volume
triggers that apply to different types of retrofit/rebuild equipment. The equipment will first be
“spot-checked” using cost effective methods to determine if emission reductions are being
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achieved. For example, a potential method for testing CO emissions reductions resulting
oxidation catalysts in-use could be to use an electrochemical portable analyzer with probes
inserted both upstream and downstream of the oxidation catalyst. The engine could be loaded
using a brake stall test, a rolling acceleration, or by driving the vehicle on a normal operating
route. Another potential in-use testing method could be to measure hydrocarbon emissions with
a flame ionizer detector (FID).

Other in-use testing methods will need to be devised for technologies such as rebuild kits
and fuel borne catalysts. Manufacturers of such types of emission control equipment may need
to pick a number of vehicles that are candidates for engine rebuild or additive use (for example)
and designate those engines for baseline testing before the retrofit/rebuild and then again after
retrofit/rebuild to measure post-baseline emissions. In these cases, issues such as engine drift or
the change in baseline emissions that can occur over time will need to be addressed.

Engines to be spot-checked will be determined by (to the extent possible) a random
process. The results will be submitted to the review committee. Should EPA determine strong
bias in testing, EPA may require corrective action, i.e. additional spot-checks of non-represented
engines. A random sample should include a mix of end-user entities as well as mileage/usage
accumulations.

1. Spot-Testing Overview

The Workgroup recommends that the in-use testing requirements be modeled after EPA’s
mandatory requirements for in-use testing of marine pleasure craft engines. For each product
(emission control equipment product) once the number of units in the field have reached a certain
sales volume trigger (as outlined in Table 2) field testing of the product will begin. After the pre-
determined number of units have been put in service, four units must be field tested in-use at a
mileage or hours accumulation of over half of the manufacturer’s designated useful life. The
following sequence would then occur:

* Iftesting is successful (i.e. all units pass) then in-use testing ceases;
* [Iftesting is unsuccessful and the cause can be attributed to the product and not to
maintenance or other engine related problems, then for each failed unit, two or more units

would be evaluated up to a maximum of ten. If the failure is engine or maintenance related,
then the manufacturer could re-test on another vehicle.

19



For example,

1) if one of four units fails, two more units must be evaluated. If both of these units
pass, then testing would be considered successful (>70% success rate) and in-use
testing ceases;

2) if both of these units fail, four more units would have to be field tested and all four
units would have to pass in order to meet the 70 percent requirement for in-use
testing to cease. If any of the units fail, then the review committee would recommend
dynamometer testing because the 70 percent success rate had not been achieved and a
total of ten units have been tested which is the maximum limit (according to the
marine rule). The manufacturer may have the option to request to extend the in-use
testing program in order to achieve a 70 percent success rate in lieu of dynamometer
testing. The review committee would be left to determine at what point during the
extension, dynamometer testing should be performed. If the manufacturer
demonstrates a 70 percent success rate during the extension, in-use testing would
cease.

3) If one of the two additional units fail (<70 percent success rate), two more units
would be tested.

4) If both of these units pass (>70 percent success rate), testing is considered successful
and in-use testing ceases.

5) If both fail (<70 percent success rate), dynamometer testing would be recommended
because a 70 percent success rate could not be achieved with in-use testing limited to
ten units. Again, the manufacturer would have the option to request an extension to
the in-use testing program.

The above is just one example. Consider the case where two of the initial four units
failed. This would mean that all ten units would have to be evaluated in order to achieve the
seventy percent criteria and only one additional failure would be allowed. In the event that three
of the initial units failed, the seventy percent criteria could only be achieved by testing all ten
units with no additional failures. If all four failed, the seventy percent criteria could not be
achieved and dynamometer testing would be recommended with the option for the manufacturer
to request an extension.

In the event of a failure on dynamometer testing, EPA would automatically be notified.
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2. Dynamometer Testing

In addition to a “spot check” method such as using an electrochemical portable analyzer,
a more comprehensive testing method needs to be developed by the product manufacturer in the
case of dynamometer testing. For example if an oxidation catalyst fails spot tests and must then
be tested in dynamometer tests, then a potential testing method would be to remove the catalyst
and attach it to a “slave” engine in a testing lab. Another possibility could be to test on a mobile
chassis dynamometer. As in the case of verification testing, the third party verifier will
automatically approve of a method that uses either the FTP or other EPA approved test cycles,
CARB approved test cycles, the CBD, and the NYBC cycles. Alternative cycles may be used,
but must first be approved of by the review committee. A pass rate of 66.7% must be
established or credit will be revoked. The manufacturer may conduct as many tests as are
necessary to achieve this percent pass rate.

3. Backpressure Measurement
In addition to emissions testing, backpressure measurements will be taken during field

testing to ensure that retrofit equipment is not increasing backpressure beyond manufacturer
specifications in retrofitted engines.
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Tablelll-1

Detail of Requirements for Retrofit Technologies

PATH I I 11
Path Urban Bus certified retrofit/rebuild Technology is in widespread use; New technology, little experience or use.
Description kits demonstrated in-use durability Little in-use/durability experience.
Technologies certified with the experience; good knowledge of Little knowledge of emission reduction
Urban Bus Program in the future will || emission reduction mechanism/reduction potentials
be included. mechanism/reduction potentials
Example Current Urban Bus certified Non-urban bus certified catalysts, Selective catalytic reduction
Technologies || technologies registered fuel borne catalysts
Pre-Credit Requirements
Certification [[ Urban Bus certified product, FTP dynomometer testing by a FTP dynomometer testing by a recognized
Requirements already completed recognized lab, or other pertinent lab, applicability analysis, durability
data; applicability analysis, analysis
durability analysis
Engine Use of oxidation catalysts Engine family recommendation by || Engine family recommendation by
Family automatically approved for all review committee review committee
heavy-duty engines; for engine
specific technologies only specified
engines are approved; all others must
be supported by engineering analysis
and approved by review committee.
Spot Check Develop accepted spot-check Develop accepted spot-check Develop accepted spot-check procedure

procedure before 500 units are in the
field

procedure

Information Posted on Retrofit Website
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Tablelll-1 (continued)

Detail of Requirements for Retrofit Technologies

PATH 1 | I
Post-Credit Requirements
Number of In-use In-use Testing In-use In-use Testing In-use Verification | In-use Testing
Units in Use by || Verification Requirements Verification Requirements Requirements Requirements
Manufacturer Requirements Requirements
Less than 100 spot testing begins
Units
101-1,000 spot testing Performance review
Units begins by review
committee

1001+ Units Performance spot testing Performance Confirmation of

review by begins review by performance review

review review by review

committee committee committee, results

submitted to EPA

10,000 plus Confirmation Confirmation of
units of performance performance

review by review by

review review

committee, committee,

results results submitted

submitted to to EPA

EPA
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V. Protocol for Calculating SIP Credits

In this chapter, methods for calculating SIP credits from retrofit projects are
described. The SIP credit calculations requires that baseline emission rates be established
and emission control equipment reductions be applied to those baseline rates. In addition
to baseline emission factors and percent reduction levels other information will be
necessary in order for states to complete the SIP credit calculations. Details of this
information and where it can be obtained are described in this chapter. The chapter has
four sections:

1) Section A describes a retrofit website to assist states in SIP credit calculations;
2) Section B provides an overview of the SIP credit calculation procedure;
3) Section C proposes baseline and post-baseline emission factors;

4) Section D identifies three formulas for SIP credit calculation;

A. Retrofit Program Information/Website

The workgroup recommends that a retrofit website be developed which will
provide much of the information needed to complete SIP credit calculations from retrofit
projects. It is recommended that EPA maintain this website and develop links to EPA
databases containing heavy-duty engine emissions factors, brake specific fuel
consumption, and other information needed for the calculation of SIP credits resulting
from heavy-duty retrofit projects. All of the information to be included on the website is
detailed below.

Retrofit products verified through the voluntary program

The website should include a list of the products certified with the Urban Bus
Program and all of those "verified" by the third party system proposed in this report.
For each product listed on the website, the manufacturer name and contact information
should be included. For products which are verified by Environment Canada and the
review committee, as proposed in this report, information on retrofit/rebuild products
should be posted on the website after the review committee has completed its analysis
and approval of the manufacturer's application. The site will need to be updated
periodically to include newly verified products. In addition to products which are
approved by the Urban Bus Program and by the proposed third party verification system
another avenue for inclusion in the program may be possible in the future. Currently,
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several technology verification programs exist that are organized by states, such as the
Massachusetts "STEP" program, or by professional organizations such as the Civil
Engineering Research Foundation. In the future, the proposed third party verifier may
sign reciprocity agreements with other certification/verification programs. If this is the
case, all of the products made available through the reciprocity agreement/s should be
posted on the retrofit website. Specifically, the product name, manufacturer, contact
person and telephone number, and technology type should be listed.

A list of engines which can be retrofitted with verified products

In addition to information on verified retrofit products, engine models which the
emission control equipment may be used with will be posted on the website. As
mentioned in previous sections, these engine families will be determined through an
engineering analysis conducted either by the emission control equipment manufacturer or
by a contractor hired by the manufacturer. The analysis will be reviewed by the third
party verifier and, if approved, information on the engines which can be retrofitted with a
given product will be posted on the retrofit website. In some cases, this information may
simply indicate that a product is available for use with any highway heavy-duty engine.
For example, oxidation catalysts currently certified with the Urban Bus Program would be
in this category of control equipment. Other products may be listed for use with a few
specific engine models. This would be the case with rebuild kits which are manufactured
for certain engines.

Percent reductions for each product

As with applicable engines, approved emission reduction percentages for each
product will be included in the website. As mentioned previously, data supporting the
percent reductions will be gathered during engine dynamometer or chassis dynamometer
testing and be presented to the third party verifier. Once the reductions are approved by
the third party verifier they will be posted on the retrofit website. For instance, if a
product is verified to reduce PM by 20 percent in all heavy-duty highway engines then
the 20 percent reduction figure should be listed next to the product and applicable
engines. In some cases, a product may be verified to reduce PM by 20 percent (for
example) in one engine family and 27 percent in another engine family. If so, then the
website will indicate the different levels of reductions that can be achieved in the various
engines. While the above example mentions PM emissions, the same level of detail for
percent reductions will be provided for all pollutants.

To the extent possible, each product should have the percent reductions listed in a
way that makes it easy for the website user to compare different reductions for various
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products. In this way the user can choose the equipment which will result in the highest
pollution reduction for the fleet to be retrofitted.

The information for engine families, applicable retrofit products, and percent
reductions may be organized in a table similar to the one found on the next page. The
table provides an idea as to the types of information that will be posted on the website
but does not necessarily represent the most efficient method of presenting the
information. For example, it may prove easier to use the table if the data is organized by
engine family rather than retrofit product.

Other information
In order to complete SIP credit calculations, states will need to have access in
some cases to fuel sulfur adjustment factors, factors to convert between gr/bhp-hr to

grams per mile, fuel density, a conversion factor for grams to tons, and average load
factors. The purpose of these data will be described in Section D.
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Sample Retrofit Website Product and Engine Information Table

Manufacturer Product/ Engine PM percent CO percent NOx percent HC percent
Technology Applications” J reduction reduction reduction reduction

Rebuild kit Cummins L-10 20% n/a N/a n/a
Detr01t D1ese1 Rebuild kit DD 6V92 TA 20% n/a N/a n/a
MUI
Engine Control OCM catalytic | all heavy duty | 25% 40% N/a 50%
Systems converter diesel engines.
Engelhard CMX-5 same as above 25% 40% N/a 50%
catalytic
converter
Johnson & CEM catalytic | same as above 25% 40% N/a 50%
Matthey converter
Nelson Industries | exhaust same as above 25% 40% N/a 50%
catalyst

"2 In this table engine models are listed. Conversely, on the retrofit website engine families will be listed.
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Website Design

In the following sections, methods for calculating mass emission reductions from retrofit
projects are described. Ideally, once the retrofit website is established, states will be able to
calculate these reductions on the site by using interactive forms. The purpose of developing the
interactive pages of the website is to create a “user friendly” system that states will be able to
use to estimate emission reductions from retrofit projects. An interactive format would provide
menus of options, list the order in which information should be input, and allow for the inclusion
of data found in EPA databases. The interactive site will allow the user to calculate SIP credits
on the website forms.

Several features will need to be developed for the website in order to create this “user
friendly” system. First, the workgroup recommends that EPA link databases containing
certification data on pollutant levels for engine families. If this is done, the website user will not
need to research baseline emission rates but rather will have the information readily available.
Once the baseline emission rates are established for individual engine families in a fleet the
percent reductions for retrofit products (found in another table in the retrofit website) will then
be applied to the baseline emission rates. Other information needed to complete calculations
such as fuel sulfur adjustment factors should be automatically linked to engines certified in years
prior to the introduction of low sulfur diesel. Average load factors and tables of conversion
factors should be made available to the user through menus of options. A means for easily
incorporating data selected in linked files should be developed. For example, double clicking on
the data could automatically incorporate it into credit calculations.

In the next sections the calculation procedure to be used to calculate SIP credits is
presented. Section B provides an overview of the protocol and Section C details the specific
formulas and their explanations.

B. SIP Credit Calculation Procedure

The general procedure for calculating SIP credits from retrofit projects will be as follows:

1) Establish baseline emission factors for PM, HC, CO, and NOx (if applicable) for each
engine family in a fleet to be retrofitted;

2) Multiply the emission reduction percentages (as recommended in this document or as
established by the third party verifier) for the control equipment that will be retrofitted
onto fleet heavy-duty diesel engines to the baseline emission levels for those engines;

3) Convert the mass emission reduction level from gr/bhp-hr to one that can be applied to
hours of operation, fuel consumption, or miles traveled;
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4) Multiply the mass emission reduction level by the usage factor (miles to be traveled,
remaining usage hours, or fuel to be consumed) to obtain total emission reductions for the
engine families;

5) Multiply this figure by the fraction of usage that will occur within the state;

6) Repeat this process for all pollutants and all engine families in the fleet;

7) Add the mass emission reductions for different engine families together for each pollutant
to arrive at total mass emissions reductions for the retrofit project.

In the following sections the information and the formulas needed to calculate the SIP credits
are detailed.

C. Basdine and Post Baseline Emission Rates

The first step in calculating SIP credits from retrofit projects will be establishing baseline
emission levels for engines that will be retrofitted. Since in-use data for a wide variety of engines
is not available, the workgroup recommends that data for heavy-duty engine families generated
during Federal Test Procedure (FTP) certification tests be used as default baseline emission levels
for retrofitted heavy-duty engines. Use of this data will provide emission factors for specific
engine families. The data will not account for emissions deterioration that may occur over time
and thus the baseline emissions levels will be conservative.

The workgroup recommendation is based on the assumption that establishing emissions
for engines through in-use testing is too expensive to be practical. States may opt, however, to
conduct emissions testing to establish baseline emissions rates for retrofitted heavy-duty engines.
In this case, the emission reduction credits that are generated from a retrofit project are likely to
be greater than if the default baseline levels are used due to the fact that in-use testing will
account for emissions deterioration which occurs from variable maintenance practices and engine
wear. The number of engines to be tested in order to establish the baseline levels will need to be
determined by states in coordination with EPA regional offices.

In some cases it may be appropriate for states or fleet operators to use baseline emission
factors that are available from in-use testing. For example, if emission factors are available on a
gram per gallon of fuel or gram per mile basis for engines that will be included in a retrofit project
then these emission factors could be used. These emission factors may be available from in-use
testing projects conducted by states, regional organizations, federal agencies, or testing
laboratories. For example, the federal Department of Transportation, state environmental
protection agencies, and Environment Canada have conducted extensive emissions testing of
urban buses. These data could be used for baseline emission rates in lieu of the data gathered
during FTP certification for the engines. For example, a municipality not required under the
Urban Bus Program to retrofit its urban bus fleet could retrofit its city buses and use existing in-
use baseline emissions levels. An advantage of using data gathered during chassis dynamometer
testing, as is the case with much of the available urban bus emissions data, is that it is expressed

in grams per mile units. These units allow for a more simplified calculation of emission
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reductions than does the use of certification data. This is because certification data needs to be
converted from gr/bhp-hr to gr/mi.

Other testing programs for marine engines, construction equipment, and heavy-duty
trucks could provide emission factors in grams per mile, grams per gallon of fuel, or grams per
hour which in some cases could be used for baseline emission factors. States should coordinate
with their regional EPA offices on the use of emissions factors developed through in-use testing.

In order to establish mass emission reductions from retrofit projects, the workgroup
recommends that baseline emission factors be multiplied by the percent reductions established
for each retrofit/rebuild product. These percent reductions must first be established through
emissions testing by an established laboratory and be approved by the third party verifier. The
multiplication of baseline emission rates by reduction percentages for each pollutant will yield a
mass reduction amount for each pollutant. For example, if a product is verified to reduce PM by
25 percent in a given engine and the baseline emission rate is .3 gr/bhp-hr, then the mass emission
reduction level will be .3 * .25 = .08 gr/bhp-hr. This calculation is detailed in Section D.

The next two sections discuss several methods for SIP credit calculation and present the
formulas needed to estimate mass emission reductions from retrofit/rebuild projects.

D. Methods for SIP Credit Calculation

The workgroup recommends that states use one of three methods to calculate SIP credits
that result from retrofit projects. The method used will depend on the type of equipment
retrofitted and the information available to the operator. The recommended method is to use fuel
consumption to calculate SIP credits. If fuel consumption data is not readily available then hours
of operation should be the second method used. Lastly, vehicle mileage can be used to determine
SIP credits. Providing the three possible methods for SIP credit calculation will allow for the
retrofitting of a variety of vehicles. For example, nonroad equipment often do not have
odometers, therefore fuel consumption and hours of use are the only methods to determine
emission reductions. Additionally, these two methods provide a more accurate estimate of
emission reductions than does the calculation involving mileage due to the difficulty in converting
from gr/brhp-hr to grams per mile. The three formulas for these calculations are detailed in the
next section.

E. Credit Cdculation Formulas

This section details the credit calculation formulas that may be used to determine
emission reduction credits achieved from retrofit projects. The first formula calculates emissions
reductions using mileage data.
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1. Formula for calculating SIP credits using mileage data:

This formula requires a conversion from gr/bhp-hr to gr/mi. Information to be provided
by the fleet operator includes the number of vehicles to be retrofitted, the fuel consumption for
the vehicles, the model make and year of the engines, the fraction of miles traveled within the
state, remaining mileage in the fleet vehicles, and the fuel economy of the vehicles. Information
linked to the retrofit website will include baseline emissions data, brake specific fuel
consumption, fuel density, and the fuel sulfur factor for older engines.

MERCpollutant

(CL - FSAF) * % Reduction * CFbhp-hr/mile * Nvehicles * FM * FMWD * CFunits

The different components of the equation are described below:

CL

The original EPA new engine certification level (g/bhp-hr) of the engine family.

FSAF

The fuel sulfur adjustment factor (in g/bhp-hr). For some older engine families
certified with high sulfur fuel, this is the amount CL has already been reduced due
to the use of low sulfur fuel. For all pollutants except PM, FSF = 0.

Percent reduction =
This figure is the effectiveness of the retrofit equipment. For example, the percent
reductions will be 20% for particulates, 50% for hydrocarbons, and 40% for
carbon monoxide for oxidation catalysts. This value represents the effectiveness
of the retrofit equipment and is always expressed as a fractional reduction.

CFbhp-hr/mile =
This is the factor to use when converting form g/bhp-hr to g/mile. (Below a
description of the calculation is provided).

Nvehicles = The number of vehicles with the same emissions certification numbers.

FM = The remaining average vehicle(s) mileage. This value represents the
average expected vehicle life remaining until the fleet is retired or
overhauled, whichever occurs first. The value should be determined from
historical fleet records of similar vehicles in similar operations with
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similar histories. For example, if at the time the retrofit equipment is
installed, a municipal agency's records indicate that it operates 12 year old
sanitation trucks and that historically their sanitation trucks operate for 17
years then the remaining fleet mileage will be 5 years times the number of
miles traveled per year times the number of vehicles to be retrofitted in the
fleet.

FMWD = The fraction of mileage within the requesting district. This value is always
between 0 and 1.

CFunits = 1.1 * 10-6 tons/gram or .0000011 tons/gram. The appropriate conversion factor
that converts the calculated reductions from grams into tons.

Description of Conversion Calculations

Two additional calculations will need to be conducted in order to complete the above
formula. The first calculation adjusts for differing fuel sulfur levels used during engine
certification. The second formula is applicable only to the conversion of gr/bhp-hr to gr/mi when
mileage data is being used to calculate mass emission reductions.

Fuel Sulfur Adjustment

Engines originally certified prior to the 1994 model year may have been certified with fuel
which contains a higher sulfur content than currently available fuels. A heavy-duty diesel engine
currently being fueled with a lower sulfur fuel than the fuel with which it was originally certified,
may already be emitting significantly less PM than the original certification level documented. In
this case, the baseline PM emission level needs to be adjusted according to the fuel sulfur
adjustment factor. For HC, CO, or NOx the FSAF always equals zero because these pollutants
are not affected by the fuel sulfur level. PM emissions, however, are affected by fuel sulfur
levels and the adjustment is calculated as follows:

FSAF

BSFCb/bhp-hr * .0917 * (FSFcert - FSF in-use)

where:

BSFCg/ bhp-hr = The brake specific fuel consumption of the engine family in units of
g/bhp-hr.

FSFcert = The fuel sulfur fraction of the fuel used to certify the engine family.

Typical value =.002(.2%)
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FSFin-use = The fuel sulfur fraction of the fuel currently used with the fleet. Typical
value =.0005 (.05%).

Conversion calculation from gr/bhp-hr to gr/mi (CF bhp-hr/mile)

When the formula for calculating mass emission reductions using mileage data is used, a
conversion from gr/bhp-hr to gr/mi is needed. This conversion is described below.

CF bhp-hr/mi

fuel density/brake specific fuel consumption * (fuel economy*(mi/gallon))

These equations need to be calculated for each different engine family that comprise a
fleet. For example if there are three types of engine families in one fleet the calculation will need
to be done three times. In addition, the calculation must be done for each pollutant. The
resulting reductions (for all engine families in a fleet) are added together to obtain the total amount
of pollutant reductions that can be included as cr